We evaluated angiogenesis in eutopic endometrium and ectopic endometrium from patients with endometriosis. Microvessels were identified by immunohistochemistry using anti-von-Willebrand factor antibody and vascular parameters were measured using a computerized image analysis system. No relationship was observed between vascular density and type of endometriotic lesion. Heterogeneity in vascular density was observed in different lesions within the same patient. Between red and black peritoneal lesions a significant difference was observed in the frequency distribution of luminal diameter. In black lesions the variability of luminal diameter was decreased and most microvessels were less than 20 mm in diameter. We suggest that the frequency distribution of microvessel luminal diameter of red and black peritoneal lesions may be different and should be important when studying the regulation of angiogenesis in endometriotic implants. 
Introduction
Angiogenesis appears as one of the processes involved in the pathogenesis of endometriosis [1] [2] [3] [4] [5] . Indeed endometrium undergoes cyclical angiogenesis to allow implantation. Angiogenic factors were located in endometriotic tissue and found to be increased in the peritoneal fluid of patients with endometriosis [2] [3] [4] [5] . Nisolle et al. [5] found a higher vascular content in red than black peritoneal lesions, which is often observed within the same patient. This suggests that endometriosis occurs independently in each lesion and that the assessment of this process may provide further insight into the pathogenesis of endometriosis.
The purpose of this study was to evaluate angiogenesis in different endometriotic tissues and in the endometrium from patients with endometriosis, using an immunohistochemical technique and a computerized image analysis system.
Material and Methods

Sample Collection
At the time of laparoscopy and/or laparotomy the following samples were collected from a total of 34 patients with endometriosis: (1) endometriotic tissues (n = 73), and (2) endometrial tissues (n = 11). In 18 patients samples were collected from more than one lesion. The ages of the patients ranged from 20 to 47 years. Twenty-five patients received no hormonal treatment for a minimum of 3 months before surgery. One patient was 9 weeks pregnant. One patient had completed a 4-month course of progestins 3 weeks earlier. One patient had completed a 6-month course of GnRH-a 2 months earlier. Six patients were receiving exogenous hormones: 3 a combined contraceptive pill for more than 6 months, and 3 progestins for more than 6 months. As a control, normal menstrual cycle endometrial biopsies (n = 10) were collected from patients undergoing hysteroscopy for infertility related to a severe male factor. These diseasefree patients received no hormonal treatment for a minimum of 3 months.
Tissues were fixed immediately after collection in 20% formalin acetic acid and processed in paraffin blocks. Endometriosis was histologically confirmed in all samples from the presence of glands or Matsuzaki/Canis/Darcha/Dechelotte/Pouly/ Bruhat stroma by one investigator (C.D.). Sections of 4 mm thickness were routinely prepared, mounted on glass slides, and dried overnight at 37°C before being used for immunohistochemistry.
Fully informed consent and the institutional human research board approval were obtained before surgical procedures.
Immununohistochemical Staining
Immunohistochemical staining was done on paraffin sections with the monoclonal antibody against von Willebrand factor (DAKO, Trappes, France), or CD34 (Immunotech, Marseille, France), using the protocol described below. Primary antibody binding was visualized using a commercial streptavidin-biotin system (LSAB 2 kit, DAKO, Trappes, France). Sections were deparaffinized and immersed in absolute methanol containing 1% (v/v) hydrogen peroxide for 30 min to inhibit endogenous peroxidase activity, and then sections were rehydrated in graded ethanols. After rinsing in 0.01 M phosphate-buffered saline (PBS, pH 7.2), sections were digested with trypsin (1 mg/ml) in 0.01 M PBS for 5 min at 37°C. Sections were then rinsed in PBS and incubated for 30 min at room temperature with the primary antibody, anti-von-Willebrand factor (diluted 1:150 in PBS with 3% bovine serum albumin), or anti-CD34 (not diluted), followed by rinsing in PBS. Negative controls were sections incubated with 3% bovin serum albumin in PBS without the primary antibodies. Sections were then incubated for 10 min at room temperature with biotinylated goat anti-rabbit (anti-IgG) second antibody. The second antibody was subsequently localized by incubating the sections for 10 min at room temperature with horseradish peroxidase-conjugated streptavidin after rinsing in PBS. The peroxidase level was visualized by developing the sections for 10 min at room temperature in acetate buffer containing 3-amino-9-ethylcarbazole in N,N-dimethylformamide and 0.3% hydrogen peroxidase. After rinsing in distilled water, a light counterstaining was performed in Mayer's hematoxylin. Then sections were rinsed in 37 mM ammonia water and coverslipped in a synthetic mounting medium.
Assessment of Vascularity
General Vascular Parameters. Microvessel count, surface area, luminal perimeter, minimum luminal diameter and maximum luminal diameter were measured using a semi-automatic computerized image analysis system. The multiparametric computerized image analysis system used consisted of a light microscope (Leica, Lyon, France; !40 objective, !10 ocular) with a color charge coupling device camera (Sony, Paris, France) connected to a SAMBA 2005 computer system (Alcatel-TITN, Grenoble, France). The frame area for each captured image was 0.0829 mm 2 . In sections containing small amounts of endometriotic tissues, such as a peritoneal lesion, all areas were analyzed whenever possible, and in sections containing large amounts of endometriotic tissues, such as endometrioma, 10 randomly selected areas were analyzed. The number of areas analyzed varied from 2 to 10 (6.6 B 2.9, mean B SD). Manual outlining of microvessels in stroma was performed. Any immunoreactive endothelial cell(s) that was separate from adjacent microvessels was considered a single countable microvessel. Vascular lumens and red blood cells were not requirements to be included in the count. Other structures such as glands and fibrotic areas were also outlined manually to be excluded from the total surface area of each captured image. These processed images were then converted to gray scale and imported into the image analysis system. Microvessels of a diameter larger than 50 Ìm were excluded from the data stocked, following the method described by Bosari et al. [6] ) and the remaining microvessels were used for subsequent analysis. The total surface area of stroma was calculated and the microvessel count per stroma was converted to microvessel count per 0.0829 mm 2 of stroma in each area. Finally the mean microvessel count per 0.0829 mm 2 of stroma was calculated for each sample from all the areas analyzed.
Statistical Analysis
Statistical analysis was performed using the statistical program Stat View (Abacus Concepts, Inc., Berkeley, Calif., USA). MannWhitney U test was applied to compare different lesions of endometriosis. Correlation analysis was performed by Spearman's rank test. Statistical significance was defined as p ! 0.05.
Results
Immunohistochemical Staining
The quality of the staining of microvessels was examined in 31 sections. Staining with anti-von-Willebrand factor was generally crisp and easy to interpret, whereas that with anti-CD34 was occasionally difficult to interpret because of strong background staining. For these reasons we decided to evaluate the vascularity in all samples using von Willebrand factor staining. To evaluate the possible differences between staining with anti-von-Willebrand factor and with anti-CD34, we selected 13 sections with minimal background staining, which were considered to be suitable for the purpose of image analysis. Vascular density for von Willebrand factor and CD34 showed a significant correlation. ( n = 13, r = 0.89, p = 0.002).
Four samples collected from 4 patients did not contain endometriotic tissues and the remaining 90 samples from 40 patients were immunohistochemically stained with anti-von-Willbrand factor. Of these, 18 samples were excluded because of unsatisfactory staining and/or insufficient areas to allow a computerized image analysis. Finally the following 72 samples from a total of 37 patients were analyzed: (1) endometrium from patients with endometriosis, n = 10; (2) endometrium from disease-free patients, n = 8; (3) endometrioma, n = 8; (4) uterosacral ligament, n = 11; (5) rectovaginal septum, n = 8; (6) red peritoneal lesion, n = 10; (7) black peritoneal lesion, n = 11; (8) white peritoneal lesion, n = 1; (9) bowel, n = 3; (10) umbilical nodule, n = 1 and (11) cervix, n = 1.
Computerized Image Analysis
Most vessels analyzed had collapsed and we decided to select microvessel count and maximum luminal diameter as vascular parameters in agreement with the findings of Fox et al. [7] . Vascular density was expressed as the mean microvessel count per 0.0829 mm 2 of stroma. When vascular density was compared among 6 different sites of endometriosis from 28 patients, no relationship was observed between vascular density and type of site. There was no significant difference in vascular density between ectopic endometrium and eutopic endometrium from patients with endometriosis (p = 0.3). When vascular density was compared between ectopic endometrium from patients with and without preoperative treatment, there was no significant difference (p = 0.15); ( fig. 1) . In 3 patients, samples were collected from more than three different sites of endometriosis, and the vascular density appeared to be heterogeneous in different lesions within the same patient ( fig. 2 ). There was no significant difference in vascular density between endometrium from patients with endometriosis (n = 10) and disease-free patients (n = 8); 19.6 B 2.4 and 19.3 B 3.6, respectively). Two samples (red peritoneal lesion, endometrioma) were collected from 1 patient at 9 weeks of pregnancy and vascular densities in both samples were markedly lower than in other samples (3.2 and 2.4, respectively).
We observed that the luminal diameter of the endometrial microvessel from patients with endometriosis was heterogeneous within the same section. Consequently we studied the frequency distribution in each endometrial section and in 5 types of endometriotic lesion. No significant difference was observed in the frequency distribution of luminal diameter between endometrioma, uterosacral ligament, rectovaginal septum, red peritoneal lesion and endometrium from patients with endometriosis and disease-free patients. However, a significant difference was observed between red and black peritoneal lesions. In black lesions the variability in luminal diameter was found to be decreased and most microvessels were less than 20 Ìm in diameter ( fig. 3) . In 3 patients, both red and black peritoneal samples were collected and this difference was also observed within same patient. There appeared to be no difference in the frequency distribution of luminal diameter between patients with and without preoperative treatment, whatever the type and length of treatment.
A significant negative correlation between age and vascular density in endometrioma was observed (n = 7, r = -0.81, p = 0.028), whereas no correlation was observed between age and vascular density in the other sites of endometriosis. Among 55 samples of which the menstrual cycle was confirmed by hormonal analysis and/or endometrial biopsy, we found no cyclical change in vascular parameters both in endometrial (proliferative phase n = 8; secretory phase n = 10) and in endometriotic tissues (proliferative phase n = 21; secretory phase n = 16). No significant difference was observed in vascular parameters between patients with and without preoperative treatment, whatever the type and length of treatment.
Matsuzaki/Canis/Darcha/Dechelotte/Pouly/ Bruhat Fig. 3 . The frequency distribution of luminal diameter in red peritoneal lesion (n = 10) and black peritonal lesion (n = 11). The height of the bar represents the mean value, and the error bar indicates the SD. Significant differences were observed except for the frequency of luminal diameter between 10 and 20 Ìm; * p ! 0.001; ** p ! 0.01; *** p ! 0.05 vs. red peritoneal lesion.
Discussion
Many studies have investigated angiogenesis in malignant tumors, such as breast carcinoma [6] [7] [8] [9] [10] , endometrial carcinoma [11] , and brain carcinoma [12] , by measuring microvessel count. However, to the best of our knowledge, there is no study to evaluate the frequency distribution of luminal diameter. Recent studies demonstrated that in breast carcinoma the microvessel count assessed by an immunohistochemical technique provides no prognostic indicator, because of the marked heterogeneity in tumor vascularity [9, 10] Multiple blocks must be assessed to identify the areas with the highest microvessel count. In addition, it is impossible to distinguish new endothelial cells from native ones, using an endothelial cell marker [6] . Nevertheless, this method could be valuable in endometriosis. Because endometriotic tissues are usually much smaller than malignant tumors and it is possible to assess the vascularity as a whole.
One of the problems associated with the immunohistochemical techniques is that the staining results with various antibodies as endothelial cell marker could be different. We needed an antibody that detected all vascular endothelial cells specifically. Recent studies demonstrated that CD31 and CD34 were more sensitive markers than von Willebrand factor in endometrium, because CD31 and CD34 stained both small and large vessels and von Willebrand factor usually stained only large vessels [13, 14] . However, we found that von Willebrand factor was more suitable than CD34 for the purpose of computerized image analysis because of minimal background staining both in endometrial and endometriotic tissues. Moreover our results of staining with anti-von-Willebrand factor and with CD34 were similar.
We found no relationship between vascular density and the type and/or the macroscopic appearance of the endometriotic implants and no difference with the vascular density of the eutopic endometrium. Vascular density was found to be heterogenous within the same patient. Particularly we found a similar vascular density in red and black peritoneal implants. In addition, we found no difference between eutopic endometrium from patients with endometriosis and from disease-free patients. But we did not study endothelial cell proliferation which was reported to be different by Wingfield et al. [15] .
We found no difference in the frequency distribution of microvessel diameter when comparing the endometrium of patients with endometriosis and the endometriotic tissue obtained from four different sites of endometriosis (endometrioma, uterosacral ligament, rectovaginal septum and red peritoneal implants). On the other hand, a significant difference was observed when comparing the frequency distribution of the luminal diameter of red and black peritoneal lesions. Microvessels were larger in red peritoneal lesions which appeared morphometrically more active. A similar result was suggested by Nisolle et al. [5] who found more vessels in black peritoneal lesions where the capillary surface area was larger in red peritoneal lesions. The same difference in the frequency distribution of luminal diameter of red and black lesions was found when studying samples obtained in the same patient. This finding suggests that angiogenesis in endometriosis may depend on local regulating factors.
A recent study showed that estrogen promoted angiogenic activities in vitro and in vivo [16] . In addition, thrombospondin-1, an inhibitor of angiogenesis, is progesterone-dependent in the human endometrium [17] . Marbaix et al. [18] demonstrated that progesterone could control the maintenance of endometrial connective tissue by downregulating matrix metalloproteinases. Rogers et al. [19] found no significant change in vascular density during the menstrual cycle. These findings suggest that angiogenic activity may be closely controlled by estrogen and progesterone in normal endometrium. In endometriotic implants the heterogeneity of estrogen and proges-terone receptors at different sites within the same patient was recently reported [20] . This finding and a possible local production of estrogen in the implant may explain the heterogenous vascular density and microvessel luminal diameter observed within the same patient [21] . In ovarian endometriomas we found a negative correlation between age and vascular density whereas the incidence of ovarian endometriosis increase with age and ovarian function is also age-related [22] .
Several angiogenic factors have been detected and in gastric cancer the presence of vascular endothelial growth factor expression was correlated with vascular density [23] . Interestingly the concentration of vascular endothelial growth factor and IL-8 was found to be increased in the peritoneal fluid of patients with endometriosis [4, 24] . In endometriosis we should also investigate regulatory systems of angiogenesis to improve our understanding of this disease. The significant differences in vascularity of black and red peritoneal lesions suggest that these implants may be good models for further studies and that studies on angiogenesis should take the macroscopic appearance of the implant into account.
